Objective: We aimed to describe the difference in B-vitamin intake and in plasma B-vitamin and homocysteine concentrations before and after folic acid fortification, in relation to dietary patterns. Design: The Normative Aging Study (NAS) is a longitudinal study on ageing. Between 1961 and 1970, 2280 male volunteers aged 21-80 years (mean 42 years) were recruited. Dietary intake data have been collected since 1987 and assessment of plasma B vitamins and homocysteine was added in 1993. Setting: Boston, Massachusetts, USA. Subjects: In the present study, 354 men who had completed at least one FFQ and one measurement of homocysteine, both before and after the fortification period, were included. Results: Three dietary patterns were identified by cluster analysis: (i) a prudent pattern, with relatively high intakes of fruit, vegetables, low-fat milk and breakfast cereals; (ii) an unhealthy pattern, with high intakes of baked products, sweets and added fats; and (iii) a low fruit and vegetable but relatively high alcohol intake pattern. Dietary intake and plasma concentrations of folate increased significantly (P , 0?05) among all dietary patterns after the fortification period. Homocysteine tended to decrease in supplement non-users and in subjects in the high alcohol, low fruit and vegetable dietary pattern (both P 5 0?08). Conclusions: After fortification with folic acid, folate intake and plasma folate concentration increased significantly in all dietary patterns. There was a trend towards greatest homocysteine lowering in the high alcohol, low fruit and vegetable group.
Elevated plasma homocysteine has been associated with increased risk of CVD, cognitive decline, hip fractures and mortality (1) (2) (3) (4) (5) (6) (7) . Supplements containing folic acid have been shown to effectively reduce homocysteine in subjects with normal and elevated baseline concentrations (8) . Consumption of fruit and vegetables has been negatively associated, while coffee drinking and alcohol consumption have been positively associated with homocysteine concentration (9, 10) . Because of high collinearity among nutrients and food groups, there is increasing interest in the investigation of dietary patterns rather than single foods or nutrients in relation to homocysteine (11) . In one study of Chinese adults, a dietary pattern high in refined cereal grains was associated with a high prevalence of elevated plasma homocysteine and low B-vitamin concentrations, whereas those following a pattern high in fruit and milk had the lowest plasma homocysteine and highest B-vitamin concentrations (11) . In a study of Irish men, a prudent dietary pattern, derived by cluster analysis, was associated with a lower homocysteine concentration (12) . Fung et al. found that a prudent dietary pattern, derived by factor analysis, was positively correlated with plasma folate and inversely with homocysteine concentration in a large US cohort (13) . In 1996, the US Food and Drug Administration issued a regulation requiring that all enriched grain products be fortified with 140 mg folic acid/100 g cereal-grain product to reduce the risk of neural-tube defects (14) (15) (16) (17) . The prevalence of deficient plasma folate, and to a lesser extent of elevated total plasma homocysteine, has been reduced after this fortification (15, 16) . However, to our knowledge, the effect of folate fortification has not yet been investigated in relation to dietary patterns. Individuals with certain dietary patterns may differ from others in response to the fortification. For example, individuals with an unhealthy dietary pattern may have greater benefit from folate fortification than individuals with a healthy dietary pattern, as they are more likely to consume the refined grains that were fortified. Therefore, we investigated the difference in B-vitamin intake and in plasma B-vitamin and homocysteine concentrations before and after folic acid fortification, within dietary patterns derived by cluster analysis, in elderly men participating in the Normative Aging Study (NAS).
Methods

Subjects
The NAS is a longitudinal study which started in 1963 by recruiting men, 21 to 80 years of age, and free if heart disease and other major health problems, around Boston, Massachusetts, USA. Details of the study are described elsewhere (5, 18) . Briefly, participants were invited every 3-5 years to complete a health examination and several questionnaires. Dietary intake data have been collected since 1987 and assessment of plasma B vitamins and homocysteine was added in 1993. For the present study, we included men who had completed at least one FFQ and who had at least one measurement of homocysteine concentration, both before (prior to 1 October 1996) and after (since 31 August 1997) the fortification period. This resulted in 354 men.
Dietary intake
Dietary intake was assessed with a semi-quantitative FFQ, which requests that participants record the number of times they consume each of 126 food items (5) . This questionnaire has been validated for intake of these B vitamins against plasma measures (19, 20) . The 126 food items were converted into twenty-one food groups: regular milk and dairy products; low-fat milk and dairy products; fruit; vegetables; sweets; meat; poultry; added fats; legumes; eggs; fish; grains; bread and baked goods; breakfast cereals; potatoes; snacks; tea and coffee; alcohol; other drinks; nuts; and soups.
For subjects with more than one FFQ before or after fortification, the average frequencies of consumption for each food group were calculated and these averages were used in the cluster analyses to best estimate usual intakes. The average number of FFQ for each subject was 2?5 (SD 0?8) before and 1?6 (SD 0?5) after fortification. The FFQ also contains questions on use of multivitamin or single vitamin or mineral supplements. Any individuals responding affirmatively to use of a supplement containing folic acid, vitamin B 12 or vitamin B 6 were classified as supplement users.
Blood collection and analysis
Blood was drawn at the Veterans' Administration clinic after an overnight fast. Plasma was immediately separated and stored at 2808C. Samples were transferred on dry ice to the Jean Mayer US Department of Agriculture Human Nutrition Research Center on Aging, where they were again stored at 2808C. Total homocysteine in plasma was measured using an adaptation of the method described by Araki and Sako (21) . The CV for this method in our laboratory, which is highly experienced in homocysteine measurement, is 4?0 % (22) . Plasma folate and vitamin B 12 concentrations were measured by radioassay with a commercially available kit from Bio-Rad (Hercules, CA, USA). The CV for these assays are 4?7 % for vitamin B 12 and 4?3 % for folate. Plasma vitamin B 6 (pyridoxal-5-phosphate, PLP) was measured enzymatically by tyrosine decarboxylase (23) . The CV for this assay is 5?0 % in our laboratory. For most of the subjects, only one homocysteine measurement was available before fortification (mean number of measurements 1?08 (SD 0?23)). Therefore, we used the first measurement of blood before (time 1) and after (time 2) fortification for each of the men. The mean time between these two blood collections was 3?1 (SD 0?5) years.
Assessment of other variables
Date of birth and information about smoking and education (years) were collected by questionnaire at time 1. Measurements of BMI (kg/m 2 ), waist:hip ratio and serum creatinine (mg/dl) were available for all subjects at time 1.
Statistical analysis
Statistical analyses were performed using the SAS statistical software package version 9?1 (SAS Institute, Cary, NC, USA). Cluster analysis was used to derive dietary patterns. To obtain more stable dietary patterns, cluster analyses were performed on all available dietary data in the larger study (i.e. not only the 354 men with complete data pre-and post-folate fortification), using the average of all available FFQ during the same time period (n 2263). We removed FFQ resulting in reports of intake of any food item at $5SD from the mean for the item (n 171, 8 % of total FFQ) to avoid any undue influence of outliers on cluster formation. Cluster analysis was performed using FASTCLUS in SAS version 9?1. We ran the clustering procedure with a varying number of clusters (three to six). The final solution was selected based on the most meaningful appearance of patterns, balancing sample size and clarity of separation.
Mean age, BMI, waist:hip ratio, waist circumference, creatinine, alcohol intake and energy intake were calculated and compared across the clusters at baseline with the general linear models (GLM) procedure in SAS, using Tukey's adjustment for multiple comparisons. Smoking status was compared across the three clusters with the x 2 statistic. Because visual plots of the data showed distributions that were close to normal, the untransformed variables were used in the analyses to maximize interpretability. Differences between pre-and post-fortification measures of intake and values of plasma B vitamins
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and homocysteine were calculated in the full group of men (n 354), within and between supplement users (n 101) and supplement non-users (n 253, as defined at baseline) and within and between dietary patterns, and tested with the GLM procedure using Tukey's adjustment for multiple comparisons. All models were adjusted for age (years), education (years), smoking status (current or former, each v. never), plasma creatinine (mg/dl), energy intake (MJ), waist:hip ratio and B-vitamin supplement use. All analyses were repeated for supplement nonusers. BMI was tested as an additional confounder, but did not affect the results.
Results
The cluster analysis resulted in three distinct dietary patterns: (i) the first was characterized by high intakes of fruit, vegetables, low-fat milk, breakfast cereals and fish (a prudent dietary pattern); (ii) the second by high intakes of bread and baked products, coffee, added fats, sweets, regular milk and dairy, meat, soft drinks and potatoes (an unhealthy dietary pattern); and (iii) the third by low intakes of fruit and vegetables and higher intake of alcohol (Table 1) . Men in the prudent pattern were significantly older and less likely to smoke compared with the other patterns ( Table 2) .
Men in the low fruit and vegetable, high alcohol pattern reported significantly lower energy intake relative to men in the other two patterns. Over the observed time period, homocysteine concentrations decreased, although this did not reach significance for the full group (P 5 0?10). The decrease in homocysteine approached significance (P 5 0?08) in supplement non-users, but not in supplement users. Plasma folate (P , 0?0001), vitamin B 12 (P , 0?05) and vitamin B 6 (P , 0?0001) increased in the full group of men (Table 3 ) and in supplement nonusers (P , 0?0001, ,0?05 and ,0?0001, respectively). Among supplement users, only plasma folate increased significantly (P , 0?0001). At the same time, dietary intake from foods (including fortified foods) increased significantly only for folate (P , 0?0001). Dietary intake of vitamin B 12 decreased significantly in the full group (P , 0?001) and in supplement non-users (P , 0?01), while intake of vitamin B 6 tended to decrease in supplement users (P 5 0?08). Baseline plasma folate, vitamin B 12 and vitamin B 6 were each significantly higher and homocysteine concentrations lower in supplement users v. supplement non-users (P , 0?05 to ,0?0001).
Before fortification, homocysteine concentrations appeared to be lower, and plasma B-vitamin concentrations higher, in the prudent pattern compared with the unhealthy and low fruit and vegetable, high alcohol patterns, although these differences were not significant (Table 4) . Dietary intakes of folate and vitamin B 6 were higher in the healthy pattern compared with the other two (P , 0?05 to ,0?001). After fortification, plasma folate increased significantly in all three dietary pattern groups (P , 0?001 for prudent, P , 0?0001 for other two). Plasma vitamin B 6 increased significantly in the prudent (P , 0?05) and low fruit and vegetable, high alcohol patterns (P , 0?001). There were no significant differences in homocysteine, although the decrease in homocysteine concentrations approached significance (P 5 0?08) in the low fruit and vegetable, high alcohol group. Dietary intake of folate (including from fortified foods) increased significantly in all patterns after fortification (P , 0?001 for prudent, P , 0?0001 for other two), dietary (non-supplement) intake of vitamin B 12 decreased significantly in the high alcohol, low fruit and vegetable group. However, the use of vitamin supplements increased significantly over time in all clusters (P , 0?05 for the prudent pattern, P , 0?0001 for other two). When we repeated the analyses with supplement non-users only at both time points, we saw similar results: plasma folate and dietary intake of folate increased significantly in all clusters. We also repeated the analyses for men who remained in the same cluster over time. These results were similar to those described above, despite lower numbers of men in each group (data not shown).
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1?3 1 ?1 1 ?1 Low-fat milk and dairy 1?1--1?1 0 ?7 0 ?9 0 ?6 0 ?8 Fruit 4?1--1?7 2 ?3 1 ?3 1 ?9 1 ?0 Vegetables 4?3--1?5 2 ?1 0 ?9 2 ?0 1 ?0 Sweets 1?0 1 ?0 2 ?8--2?5 0 ?8 1 ?0 Meat 0?7 0 ?7 1 ?1--0?7 0 ?8 0 ?5 Poultry 0?4 0 ?3 0 ?3 0 ?3 0 ?3 0 ?2 Fats 1?7 0 ?9 2 ?8--1?6 1 ?6 1 ?0 Legumes 0?4--0?3 0 ?2 0 ?2 0 ?2 0 ?2 Eggs 0?2 0 ?2 0 ?3 0 ?2 0 ?2 0 ?
Discussion
Three dietary patterns were identified by cluster analysis in this group of men: (i) a prudent pattern, with relatively high intakes of fruit, vegetables, low-fat milk and breakfast cereals; (ii) an unhealthy pattern, with high intakes of baked products, sweets and added fats; and (iii) a low fruit and vegetable, relatively high alcohol intake pattern. Following men from before to after fortification of the food supply with folic acid, we saw significant increases in dietary folate intake and plasma folate status in the full group and in all three dietary patterns. In the low fruit and ( * ) P , 0?1, *P , 0.05, **P , 0?01, ***P , 0?001, ****P , 0?0001. Mean values were significantly different from those of supplement non-users at baseline: -P , 0?05, --P , 0?01, ----P , 0?0001. --Adjusted for education, smoking, waist:hip ratio, age, plasma creatinine and (for dietary variables) energy intake. Supplement use was determined at baseline for this analysis. yUse of supplement containing at least one of the B vitamins, i.e. folic acid, vitamin B 6 or vitamin B 12 , at baseline. vegetable, high alcohol group, homocysteine concentration showed a tendency to decrease, but did not reach statistical significance.
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Advantages of the present study include the longitudinal design and the availability of information on dietary intake, supplement use and plasma vitamin and homocysteine measures both before and after folic acid fortification. However, the study also has some limitations. Only men were included, so no conclusions can be made for women. Dietary intake data were obtained by FFQ and patterns were based on reported number of servings per day rather than as a percentage of total energy. However, we adjusted our models for energy intake. The reported energy intake in the low fruit and vegetable, high alcohol cluster was lower compared with the prudent and unhealthy dietary pattern groups. A possible explanation is that individuals in the low fruit and vegetable, high alcohol cluster underreport their alcohol intake. There is some evidence that heavy drinkers are more likely to under-report their alcohol use than light drinkers (24) . Cluster analysis is a commonly used method for empirically deriving eating patterns, and is based on individual differences in mean dietary intakes (25) . Similar patterns defined by cluster or factor analysis have been found in other studies (11) (12) (13) (26) (27) (28) (29) (30) . Villegas et al. identified a traditional Irish diet characterized by high intake of saturated fat, a prudent diet and an alcohol and convenience food pattern, using cluster analysis (12) . In the Health Professionals' Follow-up Study, two major dietary patterns were derived by factor analysis: a prudent dietary pattern and a Western dietary pattern (13, 26) . Newby et al. also found a healthy, a Western and an alcohol dietary pattern in the Swedish Mammography Cohort and in the Baltimore Longitudinal Study of Aging (29, 30) . Ganji and Kafai found that folate status improved significantly and homocysteine concentrations decreased significantly in participants in the National Health and Nutrition Examination Survey, after fortification with folic acid (31) . Consistent with our findings, Jacques et al. (15) found a pre-post fortification increase in mean plasma folate concentrations and a decrease in homocysteine concentrations among Framingham Heart Study participants who did not use vitamin supplements. Among vitamin supplement users, mean plasma folate also increased, but no change in homocysteine concentrations were observed. Other studies showed an increase in folate concentrations after fortification, but homocysteine concentrations were not reported in these studies and supplement use was not taken into account (31) (32) (33) . The effects of folic acid fortification on health remain controversial, and it is important to understand how it may affect different S Public Health Nutrition Significance of the change: ( * ) P , 0?1, *P , 0?05, **P , 0?01, ***P , 0?001, ****P , 0?0001. Mean values were significantly different from those of the prudent pattern: -P , 0?05, --P , 0?01, ---P , 0?001. --Adjusted for education, smoking, waist:hip ratio, age, plasma creatinine, supplement use and (for dietary variables) energy intake. yAdjusted for education, smoking, waist:hip ratio, age, plasma creatinine and (for dietary variables) energy intake.
subsets of the population. While studies have been conducted in different nationalities, age groups and health status groups (34) , dietary patterns were not investigated in any of these previous studies.
As we hypothesized, no meaningful change in homocysteine was observed for the prudent dietary pattern. This is likely because folate status was adequate before fortification, leaving little room for improvement. Although it appeared to decrease in the other two dietary pattern groups, this approached significance only in the low fruit and vegetable, high alcohol pattern. However, because homocysteine tends to increase with age, the observed decreases could be considered conservative, as prevention of an increase may be included. Further, it is likely that the observed decreases would have been significant with larger sample sizes.
The increased use of supplements from before to after folic acid fortification could explain some of the increases in vitamin B 12 and B 6 status. However, after excluding men who were taking vitamin supplements, increases in plasma vitamin B 6 and plasma B 12 persisted. In one other study, serum vitamin B 12 concentrations were also seen to increase significantly in the US population between the pre-and post-folic acid fortification periods in elderly persons (35) . Folic acid fortification was undertaken to reduce the risk of neural-tube defects, but it was hoped that it would also have a beneficial effect on vascular diseases, cognitive function and even mortality, because of the association between inadequate folate intake and higher circulating homocysteine concentrations (1) (2) (3) (4) (5) (6) (7) 14, 17) . However, we found that the pre-post fortification decrease in homocysteine was small, despite greater use of supplements as well as fortification over this time period. Andersen et al. saw larger decreases in homocysteine concentrations (from 13?8 to 12?3 mmol/l, P , 0?001) after folic acid fortification, but the effect on mortality was minor and likely attributable to other factors (36) . Two recent meta-analyses showed that a 25 % reduction of plasma homocysteine was associated with an 11-16 % decrease in risk of IHD and a 19-22 % decrease in risk of stroke (3, 37) . However, thus far, most studies have focused on the homocysteine-lowering effects of folate (5, 28) . Recently, benefits of folate independent of homocysteine lowering have been reported (36) (37) (38) (39) (40) (41) (42) . For example, Voutilainen et al. showed that moderate-to-high serum folate concentrations were associated with a greatly reduced incidence of acute coronary events (41) . More studies are needed to investigate whether this level of fortification will influence cardiovascular morbidity and mortality.
In conclusion, dietary intake of folate and plasma folate increased significantly in this sample of men after fortifying enriched cereal-grain products with 140 mg/100 g, and in all subsets examined, including supplement users and nonusers and all dietary pattern groups. However, improvements in homocysteine were small and approached significance only in the low fruit and vegetable, high alcohol group. Larger studies are needed to get more definitive assessments of the effects of folic acid fortification on differing subsets of the population.
